Thymineless death was examined in Escherichia coli 1ST-and recombinants of 15T-and E. coli K-12. Those strains that were very sensitive to thymine deprivation were also very sensitive to a variety of inducing agents (mitomycin C, ultraviolet light, hydroxyurea, and nalidixic acid). Those strains that were relatively resistant to thymineless death were also relatively resistant to the inducing agents. After exposure to thymineless death and the inducing agents, sensitive strains lysed, produced colicin, and had phage particles in their lysates. These strains also showed an increase in the 6-methyladenine content of their deoxyribonucleic acid (DNA) and an increase in the DNA methylase activity of their crude extracts under these conditions. None of these effects was noted in the strains relatively resistant to thymineless death and the inducing agents. These data indicate that there are two types of thymineless death. One is represented by the strains that are very sensitive to thymine deprivation and other inducing agents and is secondary to the induction of phage 4/i. The strains more resistant to thymine deprivation and the other inducing agents undergo a non-phage-mediated thymineless death. The mechanism of this latter process is currently under study.
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When transient thymine deprivation is imposed on the logarithmically growing cells of the thymine auxotroph Escherichia coli 15Tr, cell viability decreases exponentially (1) . This killing effect has been termed thymineless death. The induction of a temperate phage during thymineless death has been shown to be a factor in this lethal process (9 Growth and harvesting of organisms. The bacteria were grown in Salts A medium at 37 C with vigorous shaking until mid-log phase (2 X 108 cells/ml). The appropriate antibacterial agents were then added at the following concentrations: mitomycin C, 2 ,g/ml; hydroxyurea, 8 ,ug/ml; nalidixic acid, 40 ,ug/ml; phenethyl alcohol, 3 mg/ml; novobiocin, 500 ,ug/ml; and penicillin, 100 units/ml. Ultraviolet (UV) irradiation of the culture was done in the dark for 20 to 80 sec with a Sylvania germnicidal G 15T8 UV lamp at a distance of 50 cm from the organisms. The bacteria were swirled in open petri dishes during the irradiation. In the thymine deprivation experiments, the organisms were made thymineless by filtration and resuspension in thymineless medium. Colony counts were done on A C Medium (Difco).
Assays. Deoxyribonucleic (DNA) methylase activity was measured by using the method of Fujimoto et al. (6) . DNA was extracted by either the Marmur (8) or the Schmidt-Thannhauser (12) procedure. The DNA obtained from the various strains was either depurinated (14) or hydrolyzed with formic acid (16). The base content was then determined by quantitative descending two-dimensional paper chromatography (15) .
Phage harvest and colicin determination. Bacteria lysates were prepared as previously described (9) . The lysates were then examined for phage by electron microscopy with the use of ammonium molybdate negative staining, and for colicin activity, by the use of one drop of concentrated lysate on a lawn of E. coli 15T-.
RESULTS
The effect of thymine deprivation on the thymine auxotrophs tested is shown in Fig. 1 . E. coli 15T-, JG 179 and JG 150 are very sensitive to thymine deprivation whereas JG 185, JG 166, and JG 151 are relatively resistant. E. coli 15TR7 does not grow in the absence of thymine, but no apparent killing occurs in this strain under thymineless conditions. All of these organisms maintain the stringent thymine requirement for growth of the parent 15T-.
A similar pattern of survival curves is obtained when these strains are exposed to mitomycin C (Fig. 2) hydroxyurea, and nalidixic acid. All of these agents have been shown to induce phage 4 in E. coli 15T-(9). The strains that are very sensitive to thymineless death and the other inducing agents show a 5-to 10-fold increase in the 6-methyadenine content of the extractable DNA in the culture after exposure to these inducing agents. The DNA methylase activity of their crude extracts is also increased by 10-to 100-fold after this exposure ( Table 1) . Examination of the culture supernatant fluids of the sensitive strains after treatment with the various agents shows phage particles (Fig. 3) and colicin activity. The more resistant organisms show none of these changes.
The data on JG 151 (Table 1) suggests that this strain is not lysogenic and that its mitomycin C and UV sensitivity is not based on the induction of prophage. Phenethyl alcohol, novobiocin, and penicillin do not induce phage 4' in 15T- (9) . All of the strains tested show equal sensitivity to these noninducing agents. This is illustrated by the data on phenethyl alcohol (Fig. 4) . Spontaneous revertants to thymine independence were isolated from these strains and exposed rI- The data presented in this report suggest that there are two types of thymineless death. One is represented by the strains that are very sensitive -x to thymine deprivation and the other inducing agents; the increased killing is associated with the induction of phage 4'. The strains more resistant to thymine deprivation and the other inducing agents show no evidence of phage induction during the killing process; they appear to be nonlysogenic. E. coli 15TR-is not killed by thymine The fact that the T+ revertants have the same pattern of sensitivity to the inducing agents supports the conclusion that the differences in survival rates are dependent on the presence of prophage in the strains. The changes in methylation, the colicin elaboration, and the phage particles seen in the electron micrographs further support this conclusion.
The concept that thymineless death may be caused by the induction of a bacteriophage has received much support (11) . Endo et al. (4) showed that colicin 15 activity is associated with phage particles, and Mennigmann (10) was able to induce phage particles in 15T-with UV light. Moreover, it has also been shown that, when 1ST-does not produce colicin, or is nonlysogenic, it is relatively resistant to thymine deprivation (13) . This report confirms both of these observations. The fact that two mechanisms of thymineless death exist makes it obvious that, when thymineless death is being studied, the organism being examined must be characterized as to whether it is lysogenic or nonlysogenic.
The process by which thymine deprivation induces prophage is unknown. The mechanism of the non-phage-mediated thymineless death is also unknown. Recently, (5) it has been suggested that failure to repair DNA strand breakage might be involved in this process. Further studies of DNA repair during thyniineless death with the use of the more resistant strains are currently in progress.
